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BACKGROUND OF THE INVENTION 



Field of the Invention 

[0001] This invention relates to radio frequency communication systems including 
transceivers and, more particularly, to the generation of calibration tones for receiver 
image rejection calibration. 

Description of the Related Art 

[0002] In many modern communication systems, information is transmitted and 
received by modulating a radio frequency (RF) carrier signal with a data signal and then 
demodulating the RF signal to recover the data signal. Demodulating an RF carrier signal 
usually involves tuning a receiver to the carrier signal, which may be at a substantially 
higher frequency than the frequencies of the data it conveys. For example, a carrier signal 
frequency may be on the order of 1-2 GHz, whereas the bandwidth of the data channel 
conveyed by the carrier signal may be on the order of only 100-200 kHz. 

[0003] In one approach to demodulating an RF signal, a bandpass filter having a 
bandwidth approximately equal to the data channel bandwidth may be tuned to the RF 
carrier signal frequency, and the filter output may be demodulated according to the 
original modulation scheme. However, narrow-bandwidth bandpass filters become 
increasingly difficult and bulky to implement as their center frequencies increase. 
Consequently, many RF receiver systems use some form of heterodyning to convert a 
received RF signal to a lower frequency (referred to as an intermediate frequency, or IF), 
where the task of filtering may be easier. 
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[0004] Generally speaking, heterodyning a signal involves mathematically multiplying 
one signal, such as an RF signal, with a second signal close in frequency to the first, often 
referred to as a local oscillator (LO). Such an operation, also referred to as mixing, 
results in signals at frequencies equal to the sum and difference of the RF frequency and 
the LO frequency. The sum frequency is usually substantially higher than the RF or LO 
frequency and may be readily filtered using a simple low-pass filter. The difference 
frequency is the IF frequency, which may be close to DC and is therefore readily 
manipulated by simple filters. 

[0005] Typical heterodyne systems are susceptible to a phenomenon referred to as 
imaging. As described above, a given desired RF frequency/^ differs from a given LO 
frequency f w by the IF frequency^. Further, a given desired RF frequency may lie 
either above or below the LO frequency. However, due to its symmetric properties, 
heterodyning will select any RF signal differing from/ i0 by/ ;F , irrespective of whether 
the RF signal lies above or below the given LO frequency. In heterodyne systems 
generally, for a given RF signal of frequency f RF =f L0 ±f IF , the frequency 
f image = fw + f if ma Y De referred to as the image frequency. 

[0006] To prevent interference with the desired RF signal, the image frequency may 
be filtered prior to heterodyne mixing. In some systems, quadrature receiver architectures 
may be employed that facilitate image frequency rejection by splitting the desired RF 
signal into two paths and mixing each path with a respective function of the LO signal, 
where the respective functions may have a particular phase relationship (such as sine and 
cosine functions). One of the paths is typically referred to as the in-phase (I) signal path 
while the other path is referred to as the quadrature (Q) signal path. Quadrature IF 
mixing inherently provides a property that makes the cancellation of the image signal 
possible without the use of expensive and bulky image filters. For example, when one of 
the I and Q signals output from the IQ mixer is phase shifted and the I and Q signals are 
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summed, the image frequency may be cancelled. However, imbalances in the gain and 
phase relationships between the two paths may yield imperfect image frequency 
cancellation, and thus result in a residual image frequency. This residual image 
frequency may cause undesired interference that may limit the performance of the 
receiver. 

[0007] Accordingly, to accommodate improved rejection or cancellation of the image 
frequency, some receivers may use a calibration tone to calibrate the receiver to account 
for imbalances in the gain and phase relationships between the I and Q paths. For 
example, in some systems, a calibration tone generated at the image frequency may be 
provided to the input of a quadrature mixer during a calibration mode. A residual image 
signal may then be measured to derive appropriate gain and/or phase adjustments to be 
applied to the I and/or Q signal paths to thereby attain improved image rejection 
capabilities. 
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SUMMARY OF THE INVENTION 



[0008] Various embodiments of a receiver and method including an oscillation circuit 
for generating an image rejection calibration tone are disclosed. In one embodiment, a 
5 receiver circuit includes an oscillator circuit configured to generate a calibration tone and 
a phase locked loop (PLL) reference signal. In one particular implementation, the 
oscillator circuit may include an oscillator such as a VCO (voltage controlled oscillator). 
During a calibration mode, the VCO may be operated in an open loop mode, and an 
output frequency of the VCO may be divided by respective amounts to derive a desired 
10 calibration tone frequency and a desired PLL reference signal frequency. In another 
mode, the VCO may be employed as a transmitter oscillator within an offset phase locked 
loop circuit of a transmitter. 

[0009] In addition to the oscillator circuit, the receiver circuit may further include a 
15 phase locked circuit configured to generate a PLL output signal that is phase locked in 
relation to the PLL reference signal. During the calibration mode, a quadrature generator 
may be used to generate quadrature mixer local oscillator signals dependent upon the PLL 
output signal, and an in-phase/quadrature mixer may be used to mix the calibration tone 
with the quadrature mixer LO signals. 

20 

[0010] Broadly speaking, a receiver circuit is contemplated that comprises an 
oscillator circuit configured to generate a calibration tone and a phase locked loop (PLL) 
reference signal. The receiver circuit may also include a phase locked loop circuit 
configured to generate a PLL output signal that is phase locked in relation to the PLL 
25 reference signal, a quadrature generator configured to generate quadrature mixer local 
oscillator (LO) signals dependent upon the PLL output signal, and an in-phase/quadrature 
(IQ) mixer configured to mix the calibration tone with the quadrature mixer LO signals. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



[0011] FIG. 1 is a block diagram of one embodiment of a receiver system. 

5 [0012] FIG. 2 is an illustration of the phenomenon of imaging in one embodiment of 
the receiver system of FIG. 1. 

[0013] FIG. 3 is a block diagram that illustrates circuitry associated with the 
generation of a calibration tone and a receiver local oscillator signal in one embodiment. 

10 

[0014] FIG. 4 is a block diagram of one embodiment of a transmitter system. 

[0015] While the invention is susceptible to various modifications and alternative 
forms, specific embodiments are shown by way of example in the drawings and are herein 
15 described in detail. It should be understood, however, that drawings and detailed 
description thereto are not intended to limit the invention to the particular form disclosed, 
but on the contrary, the invention is to cover all modifications, equivalents and 
alternatives falling within the spirit and scope of the present invention as defined by the 
appended claims. 

20 
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DETAILED DESCRIPTION 



[0016] Turning now to FIG. 1, a block diagram of one embodiment of a receiver 
system 10 is shown. Receiver system 10 may be configured to operate within a wireless 
communication device, such as a cellular telephone handset or a wireless data modem, for 
example. In general, receiver system 10 may be configured to receive an incoming radio 
frequency (RF) signal from an RF interface (not shown), which may include elements 
such as an antenna, filters, switches, and amplifier stages. Receiver system 10 may also 
be configured to down-convert the frequency of the received RF signal and to provide the 
down-converted signal to a baseband circuit (not shown) for demodulation and decoding 
of the signal. 

[0017] In some embodiments, receiver system 10 may be a subsystem of a transceiver 
that may further include a transmitter system (not shown in FIG. 1). Such a transmitter 
system may be configured to receive a modulated baseband signal from a baseband circuit 
and to generate a modulated carrier at the higher intermediate frequency (IF). The 
transmitter system may also be configured to up-convert the resultant IF signal and 
provide a modulated radio frequency (RF) output signal to the RF interface, which may 
include transmission power amplifiers and filters in addition to the RF reception 
elements. 

[0018] In the illustrated embodiment, receiver system 10 includes a low noise 
amplifier (LNA) 20 coupled through a switch 22 to an in-phase/quadrature (IQ) mixer 25. 
A receiver phase locked loop (RX PLL) circuit 60 is coupled to provide a receiver local 
oscillator (RX LO) signal 61 to a quadrature generator 26, which is in turn coupled to 
provide quadrature LO signals to IQ mixer 25. The in-phase (I) and quadrature (Q) 
outputs of IQ mixer 25 are coupled to programmable gain amplifiers (PGAs) 30 and 35, 
respectively. PGAs 30 and 35 are coupled to a dual analog-to-digital converter (ADC) 
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40, which is in turn coupled to a calibration and correction subsystem 50. In the 
embodiment of FIG. 1, calibration and correction subsystem 50 includes a digital signal 
processor (DSP) 55 coupled to a memory 56. 

5 [0019] During normal operation of receiver system 10, the receiver local oscillator 
(RX LO) signal 61 output from RX PLL 60 is generated at a selected frequency to tune 
the receiver system 10 to a desired channel. The RX LO signal 61 is phase locked to a 
reference signal 71 (referred to herein as normal PLL reference signal 71), which is 
coupled through a switch 67. An incoming modulated RF signal received by the RF 
10 interface is amplified by LNA 20. The amplified RF signal is passed through switch 22 
and applied to both the I and Q portions of IQ mixer 25. The quadrature LO signals 
generated by quadrature generator 26 are 90 degrees out of phase, and are mixed with the 
incoming RF signal by IQ mixer 25 to produce a modulated I and Q signal pair at an EF 
frequency. 

15 

[0020] The modulated I and Q signal pair is amplified by PGAs 30 and 35 and input 
into respective portions of the dual ADC 40. In one embodiment, dual ADC 40 may 
include a pair of delta-sigma converters configured to convert the I and Q signals into 
respective I and Q bit streams which are input into DSP 55 of calibration and correction 
20 subsystem 50 for processing. As used herein, the portions of receiver system 10 that 
separately process and propagate the I and Q signals, respectively, are referred to as the I 
and Q channels (or the I and Q signal paths). 

[0021] The modulated IF signal produced by mixing the received RF signal with the 
25 quadrature LO signals includes a useful signal and an undesired image signal. The image 
signal may interfere with processing of the useful signal and may need to be suppressed. 
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[0022] FIG. 2 graphically illustrates the phenomenon of imaging in one embodiment 
of receiver system 10. Specifically, FIG. 2 illustrates the spectral distribution of an 
exemplary combination of signals at the input to and output of IQ mixer 25. At the input 
to IQ mixer 25, a complex signal of interest S may be present at a frequency fw + f/F 
5 while an unrelated complex signal A may be present at the image frequency of S, 
fw-f/F, In one embodiment,^ may be chosen to be the same frequency as the channel 
spacing frequency for a particular RF communication standard, such as 200 kHz. In such 
an embodiment, signal A may represent a signal in a different channel than signal S and 
may have a larger magnitude than signal S. In the illustrated example, signal A is two 
10 channels removed from signal S and may be referred to as an alternate channel signal 
relative to signal S. As signals S and A are complex, conjugate signal versions S* and A* 
exist in the negative frequency plane at frequencies - (fw + /if) and - (fw - /if) , 
respectively. 

1 5 [0023] Generally speaking, mixing or mathematically multiplying a given signal with 
a frequency conversion signal (such as a single-frequency tone, for example) results in a 
new signal having frequencies corresponding to sums and differences of the given 
signal's frequencies with the frequencies of the frequency conversion signal. Thus, 
mixing signals S and A and their conjugates with the RX LO signal atf LO in IQ mixer 25 

20 results in signals at frequencies corresponding to the sums and differences of the original 
signal frequencies with f L0 . As shown in the diagram illustrating the spectral distribution 
at the output of IQ mixer 25, this results in signal S and signal A being translated tof If 
and -f IF , respectively. (Such mixing also results in high-frequency terms on the order of 
2f LO that subsequently may be filtered from the mixer output.) However, addition off LO 

25 to the negative frequencies corresponding to signals S* and A* results in image signal A* 
being mixed onto signal S and conversely, image signal S* being mixed onto signal A. 
As illustrated in FIG. 2, the conjugate components are attenuated by a native image 
rejection factor I, such that the magnitude of A* is reduced in the process of mixing it 
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onto signal S. In an ideal quadrature receiver system lacking gain or phase differences 
between the I and Q signal paths (i.e., a system in which, for example, IQ mixer 25 and 
all downstream components such as PGAs 30 and 35 and dual ADC 40 are perfectly 
matched), native image rejection factor I may be zero, resulting in no mixing of image 
5 signals onto desired signals. However, in real receiver systems, gain and phase 
imbalances may limit native image rejection to the point where an image signal interferes 
unacceptably with the signal of interest. 

[0024] Mathematically, the function of IQ mixer 25 as illustrated in FIG. 1 may be 
10 represented as: 

y{t) = S{t)e m ' Ft +IA\t)e j27:flFt +A(t)e- jl ^ Ft + IS* (t)e- j2 * Ft 

where the first term represents the signal of interest S mixed to the frequency/^, the 
second term represents the image signal A* attenuated by native image rejection factor I 
and mixed to the frequency f IF , the third term represents unrelated signal A mixed to the 
15 frequency -f IF , and the fourth term represents the image signal S* attenuated by native 
image rejection factor I and mixed to the frequency -f IF . 

[0025] The mathematical function of IQ mixer 25 suggests that if native image 
rejection factor I could be made close to zero, mixing of image signals onto signals of 
20 interest may be significantly reduced. In some embodiments, native image rejection 
factor I may be reduced by directly reducing the phase and gain mismatches of the various 
components in the I and Q signal paths that tend to increase I as described above. In other 
embodiments, native image rejection factor I may be reduced mathematically by applying 
a correction factor. 

25 

[0026] Accordingly, referring back to FIG. 1, calibration and correction subsystem 50 
is provided to determine one or more correction parameters that may be used to further 
reduce the native image rejection factor I, and thus the residual image frequency present 
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in the signal of interest. More particularly, in one embodiment, during a calibration mode 
of operation of receiver system 10, a calibration tone 75 is provided through switch 22 to 
the input of IQ mixer 25 instead of the amplified RF signal provided at the output of LNA 
20. Calibration tone 75 may be generated at an image frequency associated with the 
5 receiver. A calibration PLL reference signal 72 is also provided through switch 67 to 
serve as a reference signal to RX PLL 60 in the place of normal PLL reference signal 71. 
Accordingly, during the calibration mode of operation, IQ mixer 25 mixes the calibration 
tone 75 with quadrature LO signals that are phase locked with respect to calibration PLL 
reference 72, and the resultant I and Q signal pair is amplified by PGAs 30 and 35 and 
10 input into respective portions of the dual ADC 40. As will be described in further detail 
below, calibration tone 75 and calibration PLL reference signal 72 may be derived from a 
common oscillator. 

[0027] Calibration and correction subsystem 50 measures the residual image 
15 associated with the I and Q signals when calibration tone 75 is applied to the system 
during the calibration mode of operation. Based on the measured residual image, 
calibration and correction subsystem 50 determines one or more correction parameters 
that may be used for further reducing the residual image signal. Calibration and 
correction subsystem 50 may perform this function in various ways, depending upon the 
20 implementation. For example, in the embodiment of FIG. 1, during the calibration mode 
of operation, DSP 55 may be configured to execute instructions stored within memory 56 
that implement algorithms to measure the residual image signal and to determine a 
correction parameter in the form of a correction factor that may be applied 
mathematically to the I and Q signals output from ADC 40. The correction factor may be 
25 chosen such that analog gain and phase mismatches in the I and Q signal paths are 
compensated for mathematically. Subsequently, during the normal mode of operation 
when an incoming modulated RF signal is provided to IQ mixer 25 through switch 22, the 
determined correction factor may be similarly applied to the I and Q signals output from 
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dual ADC 40 to provide improved cancellation of the image signal. One suitable 
implementation of a calibration and correction subsystem is described in co-pending U.S. 

patent application serial number (attorney docket number 5797-00200), 

filed concurrently herewith and entitled "Apparatus And Method For Digital Image 
5 Correction In A Receiver," which is hereby incorporated by reference in its entirety. 

[0028] In alternative embodiments, the residual image frequencies may be reduced or 
canceled directly by adjusting the gain and/or phase characteristics of one or both of the 
analog I and Q signal paths. In such an embodiment, during the calibration mode of 

10 operation, the calibration and correction subsystem 50 may be configured to measure the 
residual image associated with the I and Q signals when calibration tone 75 is applied to 
the system. Based on the measured residual image, calibration and correction subsystem 
50 may determine one or more correction parameters conveyed in the form of control 
signals that control the gain and/or phase characteristics of one or more of the 

15 components forming the I and Q signal paths, such as IQ mixer 25 and/or PGAs 30 and 
35, and/or to control the phases of the I and Q quadrature LO signal generated by 
quadrature generator 26. 

[0029] It is noted that while the depicted embodiment includes a DSP 55 and memory 
20 56, it is contemplated that other devices capable of measuring the residual image signal 
and determining one or more correction parameters to further reduce the image signal 
during the calibration mode may be employed in other embodiments. For example, the 
functions and algorithms of calibration and correction subsystem 50 as described above 
may be implemented using other types of devices, such as general-purpose 
25 microprocessors, application-specific integrated circuits (ASICs), or hard-coded custom 
logic. Still further, embodiments of calibration and correction subsystem 50 are possible 
in which a residual image signal during the calibration mode is measured using analog 
techniques. Such embodiments of receiver system 10 may omit ADC 40. 
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[0030] It is also noted that in some embodiments, it may be beneficial during the 
calibration mode of operation to clock ADC 40 and/or calibration and correction 
subsystem 50 using calibration PLL reference signal 72 (or a frequency multiple of 
calibration PLL reference signal 72). This may accommodate enhanced sampling and 
signal processing capabilities. 

[0031] Regardless of the manner in which the residual image is measured during the 
calibration mode of operation, it may be important that the calibration tone 75 be offset 
precisely from the receiver local oscillator (RX LO) signal 61. For example, it may be 
important that any drift in the frequency of calibration tone 75 also be reflected in the 
frequency of receiver local oscillator (RX LO) signal 61 . 

[0032] FIG. 3 is a block diagram that illustrates circuitry associated with the 
generation of calibration tone 75 and receiver local oscillator (RX LO) signal 61 in one 
embodiment. Circuit portions that correspond to those of FIG. 1 are numbered identically 
for simplicity and clarity. 

[0033] During the calibration mode of operation, an oscillator circuit 100 generates 
calibration tone 75 and calibration PLL reference 72. As stated previously, during the 
calibration mode, switch 22 is controlled to provide calibration tone 75 to the input of 
mixer 25 in the place of an amplified RF signal from LNA 20. In addition, switch 67 is 
controlled to provide calibration PLL reference 72 as an input reference signal to RX PLL 
60 in the place of normal PLL reference 71 . 

[0034] In the illustrated embodiment, oscillator circuit 100 includes a voltage- 
controlled oscillator (VCO) 172 that is coupled to a power-of-two ripple divider 173 and 
a programmable divider 174. It is noted that in some embodiments, VCO 172 may also 
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be employed as a transmitter oscillator associated with an offset phase locked loop 
(OPLL) circuit of a transmitter system, as discussed below. As shown, calibration PLL 
reference 72 is provided from an output of power-of-two ripple divider 173, and 
calibration tone 75 is provided from an output of programmable divider 174. 

5 

[0035] In the embodiment of Fig. 3, RX PLL 60 includes a phase detector 161 that is 
coupled to receive calibration PLL reference signal 72 during the calibration mode. 
Phase detector 161 generates an output signal corresponding to the phase difference 
between the calibration PLL reference signal 72 and a feedback signal provided at an 
10 output of a programmable loop divider 164. The output signal of phase detector 161 is 
provided to a low pass filter (LPF) 162, which in turn generates a voltage that controls the 
frequency of VCO 163. In accordance with this conventional feedback arrangement, an 
output signal 166 of VCO 163 may be phase locked with the calibration PLL reference 
signal 72. 

15 

[0036] RX PLL 60 may further include a programmable divider 165. In one 
embodiment, programmable divider 165 may be controlled to divide the frequency of the 
VCO output signal 166 to derive a desired frequency of the receiver local oscillator (RX 
LO) signal 61. 

20 

[0037] In one embodiment, during the calibration mode of operation, VCO 172 may 
be coarsely tuned to operate at a target frequency in an open loop mode. For example, in 
one implementation, the frequency of VCO 172 may be coarsely tuned according to a 
digital calibration value stored within, for example, a configuration register (not shown). 
25 As used herein, the open loop mode of VCO 172 refers to an operation of VCO 172 
wherein its output frequency does not depend upon phase related feedback in a closed 
loop. In one particular embodiment, VCO 172 may be implemented using a variably 
controlled capacitance structure as disclosed in U.S. Patent Number 6,549,764 entitled 



Atty. Dkt. No.: 5797-00100 



Page 13 Meyertons, Hood, Kivlin, Kowert & Goetzel, P.C. 



"Method and Apparatus For Selecting Capacitance Amounts To Vary The Output 
Frequency Of A Controlled Oscillator," which is hereby incorporated by reference in its 
entirety. 

5 [0038] The particular frequencies at which receiver local oscillator (RX LO) signal 61 , 
calibration PLL reference signal 72 and calibration tone 75 are generated may vary 
depending upon the implementation. The frequencies of these signals may further depend 
upon an operating mode of the receiver system. For example, in one embodiment, 
receiver system 10 may be used in a hand held wireless communication device operable 

10 under the Global System for Mobile Communication (GSM) 900 standard. As such, 
receiver system 10 may operate in the 900 MHz frequency spectrum with channel 
spacings 200 kHz apart. As described above, unfiltered image signals present in the 900 
MHz spectrum (which may correspond to adjacent channel signals) may be translated into 
the IF spectrum. Assuming the intermediate frequency (IF) of receiver system 10 is 

15 chosen in the 200 kHz range, for example, a relatively strong translated image signal may 
be present. 

[0039] Accordingly, during the calibration mode, calibration tone 75 may be generated 
at a specific frequency of say, for this example, 942.5 MHz. In one implementation of 
20 receiver system 10, to generate calibration tone 75 at 942.5 MHz, VCO 172 may be set to 
operate at a target frequency of 3770 MHz, and programmable divider 174 may be set to 
perform a divide by four function. 

[0040] In addition, assume the receiver local oscillator (RX LO) signal 61 is generated 
25 at a frequency of 230.1 kHz above the frequency of calibration tone 75, or 942.7301 
MHz. At such frequencies, when calibration tone 75 is mixed with the quadrature LO 
signals by IQ mixer 25, the calibration tone 75 is translated to a baseband tone at -230.1 
kHz. As discussed previously, depending upon mismatches in the I and Q signal paths, 
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an undesired signal at 230.1 kHz may also be present. Calibration and correction 
subsystem 50 may therefore be employed to determine one or more correction parameters 
to reduce or cancel this signal. 



5 [0041] As described above, during the calibration mode of operation, it may be 
important that the calibration tone 75 be offset precisely from the RX LO signal 61. 
Thus, in the embodiment of FIG. 3, the output signal of VCO 172, from which calibration 
tone 75 is derived, is also used to derive calibration PLL reference 72. RX PLL 60 in turn 
generates the RX LO signal 61 in phase alignment with calibration PLL reference 72. 
10 Accordingly, drifting in the frequency of calibration tone 75 may as be reflected in the 
frequency of RX LO signal 61 . 

[0042] Continuing with the above example, to generate receiver local oscillator (RX 
LO) signal 61 at a frequency of 942.7301 MHz, VCO 163 of RX PLL 60 may be 

15 controlled to generate a VCO output signal 166 at a frequency of 7541.841 MHz while 
programmable divider 165 is set to provide a divide by eight function. In addition, in one 
particular implementation, divider 173 may be configured to perform a divide by 8192 
function. Thus, given a VCO 172 frequency of 3770 MHz, calibration PLL reference 
signal 62 will be generated at a frequency of about 460.2 kHz. To match the reference 

20 frequency of 460.2 kHz at the input of phase detector 161, a divisor value may be 
programmed into programmable loop divider 164 equal to 7541.841 MHz / 460.2 kHz = 
16388. 

[0043] In accordance with the circuitry as illustrated in FIG. 3, the receiver local 
25 oscillator (RX LO) signal 61 is locked to a reference signal that is derived by dividing the 
output frequency of VCO 172. Thus, even when VCO 172 is approximately tuned and 
allowed to drift, the frequency difference between the receiver local oscillator (RX LO) 
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signal 61 and calibration tone 75 may be well controlled such that uncertainties in the 
output frequencies of IQ mixer 25 may be held relatively low. 

[0044] It is noted that the specific divide functions (i.e., devisor values) of 
5 programmable dividers 164, 165 and 174 may differ from those specified in the example 
above depending upon the RF spectrum of interest as well as the intermediate frequency 
used within receiver system 10. For example, in one embodiment, receiver system 10 
may be operable under the Digital Cellular System (DCS 1800) standard. In one 
particular implementation when operating under the DCS 1800 standard, programmable 

10 divider 165 may be set to provide, for example, a divide by four function while 
programmable divider 174 may be set to provide, for example, a divide by two function. 
It is further noted that in alternative embodiments, dividers 164, 165 and 174 may provide 
fixed rather than programmable divide functions. In addition, in various alternative 
embodiments, one or more of the divider circuits 164, 165 and 174 may be omitted, 

15 depending upon the desired frequencies to be generated. 

[0045] It is also noted that, although divider 173 is depicted as a power-of-two ripple 
divider in the embodiment of Fig. 3, it is contemplated that in other embodiments, divider 
173 may be implemented using other specific divider configurations. 

20 

[0046] Still further, other specific configurations of RX PLL 60 are also possible. In 
general, RX PLL 60 is provided to generate a receiver local oscillator (RX LO) signal 61 
that is phase locked to calibration PLL reference 62 during the calibration mode. It is 
noted that in some embodiments, programmable loop divider 164 (or any of the other 
25 programmable dividers of Fig. 3) may be implemented by serializing two or more 
separately programmable divider circuits. 
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[0047] Turning finally to FIG. 4, a block diagram of a transmitter system 400 is shown 
in which VCO 172 is employed as a transmitter oscillator associated with an offset phase 
locked loop (OPLL) circuit. It is noted that the illustration of FIG. 4 is presented herein 
primarily to depict the use of VCO 172 within a transmitter system. Numerous specific 
transmitter architectures and implementations may be possible that employ VCO 172 as a 
transmitter oscillator. In addition, various components such as divider circuitry and filter 
circuitry not shown specifically within Fig. 4 may further be included within 
embodiments of transmitter system 400, depending upon the implementation. 

[0048] During a transmit mode of operation of transmitter system 400, I and Q 
modulated baseband signals may be mixed in a modulator 405 with a modulator oscillator 
signal to produce a modulated IF signal. The modulated IF signal is provided to an offset 
phase locked loop (OPLL) circuit 420 that includes VCO 1 72. 

[0049] As illustrated, and in accordance with a conventional offset phase locked loop 
architecture, OPLL circuit 420 incorporates a mixer (i.e., mixer 422) that is employed in a 
feedback path to produce a transmit frequency that is offset from the frequency of an 
associated OPLL local oscillator signal. Thus, during the transmit mode of operation, 
mixer 422 mixes an output signal associated with VCO 172 with the OPPL local 
oscillator signal. The resulting output of mixer 422, (which may be passed through a low 
pass filter), is provided to an input of a phase detector 424. Phase detector 424 compares 
the phase of this signal with a phase of the modulated IF signal, and generates a voltage 
that is proportional to the difference in the phases of the two input signals. The output of 
phase detector 424 may then be filtered to provide a feedback signal to control the 
frequency of VCO 172. A resulting modulated RF signal at the output of VCO 172 may 
accordingly be passed to an RF interface for wireless transmission. 
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[0050] In various embodiments, a transceiver may include both receiver system 10 and 
transmitter system 400. During normal operation, VCO 172 may be configured to 
operate as a transmitter VCO in a closed loop, as illustrated in Fig. 4. During a 
calibration mode of the transceiver, the VCO 172 may be set to operate in an open loop, 
as illustrated in Fig. 3, and may be used to generate both a receiver phase locked loop 
reference signal and a calibration tone. 

[0051] In some implementations, it is noted that programmable dividers 164 and 165 
of RX PLL 60 may be operational during the normal mode of operation of receiver 
system 10 to accommodate synthesis of a receiver local oscillator signal at a desired 
frequency. Programmable divider 174 may likewise be incorporated to divide the 
frequency of the output signal of VCO 172 in a desired manner during the normal mode 
of operation of transmitter system 400. In such implementations, only a relatively small 
amount of additional circuitry (e.g., power-of-two ripple divider 173, switch 22 and 
switch 67) may be necessary to facilitate generation of an appropriate calibration tone 
during the calibration mode of operation. 

[0052] In the illustrated embodiment, receiver system 10 is a heterodyne system using 
a single IF frequency. However, it is contemplated that the circuitry for generating a 
calibration tone and receiver local oscillator signal as discussed above may be employed 
within receiver systems conforming to other receiver architectures, such as a multiple- 
conversion architecture using multiple IF frequencies, for example. 

[0053] Although the embodiments above have been described in considerable detail, 
numerous variations and modifications will become apparent to those skilled in the art 
once the above disclosure is fully appreciated. It is intended that the following claims be 
interpreted to embrace all such variations and modifications. 
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